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Developments in present-day machine building require close cooperation
between the various research institutes of the iniustry. For example, the
advances in the field of gas turbines have been made possible by successes

: in the field of better heat-resistant alloys and improved means of Jjolning
; vanes to disks, while in the field of railroading, better rolling stock 1is
the resutt of research with thin sheeting, new steels and lighter alloys.
At the pame time new technological processes in the field of chemistry re-
quire the development of new containers which can be used under high pres-
sures and temperatures.

v

Rapid advances in the technology of machine building have outmoded many
methods of calculating the rigidity of machines. New designs, materials and
technology require great expansion in the field of experimental methods of

— - studying rigidity and fatigue-cresistance of parts.

o

; Today the rigidity of mechine parts and the design of machines are deter-
- mined by actual operation of the equipment, =as well as by design and techno-
logical factors. An analysis of the evolution in design in such fields as .
Diesel, locomotive, engine, turbine, and electrical-machine building shows the
R value of wnrking factors in determining the rigidity and wearing quality of
various parts. Most important among these factors are the dyuamics of loading
; and fatigue of the materials. In the majority of machine units, such factors N
R as acting forces and strains appear only during operation of the machine. For
’ example, in Diesel engines there are stresses which act on the comnecting rod
st every revolution, due to gas pressure and the inertia of the moving masses.
) In internal-combustion engines there are various stresses arising out of
B = fluctuating loads. In pneumatic hermers, stresses and strains affect the
apparatus every time that the hammer strikes the base plate. In all of the
above cases it 1s usually the secondary strains and tensions which lead to

breakdowns.
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Now, due to use of high-speed equipment, it is necessary to develop new
means of calculating strainz and stresses with a high degree of accuracy.
However, there are sLill wany [ields vhere it is possible to make only approxi-
mations (as in the case of turbinmes with small vanes). It is also necessary to
improve methods for determining the causes of vibration in machines. Present
methods of measuring small deformations and converting them into statistical
and dynamic expressions permit wider experimental determination of frequency
of vibretions. Truth of this statement is borme out by the fact that the
actual bending resistance of a tractor crankshaft has been shown to be twice
the theoretical resistance. The significance of resonance vibration, which
occurs in machines in a wide range of frequencies, should also be reme:ibered. m_
Research oo this subject Les permiited technicians to obtain new resuits in
the field of compressor vibration.

b . Complex designs, electric, mechanical and hydreulic blocking in individual

C units, increased dimensions, and in some cases lower rigidity of weight-bearing
structures in machines have increased the need for solving problems of compound
osclllation in mechanical, electric and hydraulic systems.

Due to the saturated spectrum of perlodic excitatlon forces, which can be
observed in turbines high speed reciprocating engines and metal-working machine
tools, it is necessary to determine tensions in terms of resonant and single-
force oscillations. Deformation and tensioms, which appear as resonance
factors, are determinable primarily in torsion oscillations. In this respect
it was possible to use the expression which shows the balance between the excita-
tion force end the action of damping. Solving problems dealiug with bending
oscillations is somewhat more difficult due to the backlash and lubricating
£ilm on bearings and other contacts.

Continuous theoreticel and experimental research 1s being conducted to
solve problems dealing with those factors related not only to the demping pro-
perties of metal but also to the design of machines and their parts. ¥or the
purpose of determining tensions which appear during resonance, it is necessary
to know not only oscillation-resistant but also the excitation forces. While
at present such forces are calculated on the basis of dynamic data in crankshaft
and connecting-rod mechanisms, it should be remembered that some factor which
upset the constant of cylinder combustion will affect in varying amplitudes
the harmonically tuned gas forces. Consequently the excitation is not strictly
periodic and must also be classified as static.

Calculation of excitation foreces is much more complex in machines which
. are equipped with vanes (turbines, compressors, etc.). These forces are gas-
. dynamic, and their harmonic nature and intensity must be determined by plac-

. ing measuring equipment across the gas or steam jet as it passes through the
' nozzle. The character of the flow against the vanes of the turbine has also \‘
to be studied.

In machine tools, the vibrations which arise during operation have an
auto-oscillatory character. They are closely rated to the dynamics of the
) cutting process and dynamic properties of the machine tool. Research in these J
o fields 1s still new and much progress is forseen for the near future.

Complex calculations are necessary for determining the oscillation strains
in elastic systems which have much free play when subjected to complex excita-
tion forces. After obtaining theoretical data, models are made up and tested
by electro-mechanice) means. At present, this electric method of testing models
and mockups 1s being used to solve oscillation problems.
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Due to the complex structure of oscillatory systems and the excitation - L]
craracteristics in present-day machirery, thers is need for wide use of -
specially designed shock-absorbing units. Both inert and absorntive shock y

absorbing is being utilized in reciprocating eugines. In the case of the !i
vanes in turbines 1t would be most advantageous to increase the shock- ! ; t
absorhing properties of the metal itself and its various commections. It ‘b L
is interesting to note that greater use is being made of elastic and absorb- e [
tive-type bonding (rubber buffer type) in various types of machine bases. 5[{ A T
A few vwords must be said of impulse forces and fatigue resistance. ? .

Shock loads are experienced by many types of mechinery. The theoretical

- determination of these forces is complicated and difficult. However, cur- =5

rent use of such apparatus as the electric-resistance tensometer, high-speed
photography, the plezoeffect, and meny cther methods make it possible to study
the mechanisme of both elastic shock, and shock in the presence of plastic

deformation and viscous resistance. Solution of problems in this £ield will-
permit better calculations of stability, will clarify problems connected with
shock deformation and will lead to theoretical solution of the above problems. ,

Before discussing stresses on parts in relation to their shape, we must
go briefly into some static factors of machine building. Many calculations are
mede on the basis of simple force diagrams which do not show the actual nature
of the deformation forces. For exeple, calculations on bolted joints are
usually made without regard to the rigidity of the parts which are being joined.
Many supporting beams are trested as though they were section beams.

Further solution of static factors in elastic systems of machine parts
and units must be based on results of theoretical calculations and experimental
data. Thus it will be possible to check the reliability of present-day computa-
tion methods, as well as to make better evaluations of the significance of
rigidity in load capacity and design stability.

) It must be kept in mind that excessive deformation leads to overloading
’ . and subsequent damage to operating parts of machines.

" The use of thin sheet is becoming more and more popular in construction
of railrosd cars, cranes, and other heavy units. With modern methods of cal-
culation, it is possible to determine deformation in thin-sided section beams.
But meking primary calculations for force diagrams prior to design and produc-
tion of a given unit requires rew methods of computation. Further research 1is
necessary in the field of local stability outside the elastic limits to deter-
mine the actual load-bearing capacity of thin structures.

The complexity of geometric calculatlons for parts desigr, the necessity
of using all types of cutting tools, stamped parts, and welded as well as
cemented Jjoints, result in irregular dispersion of stresses, &s well as improper
utilization of material for parts.

* Load dynamics, i.e., the alternating nature of strains and their unequal
distribution throughout the machine parts are the primary causes of fatigue in
machinery. Fatigue is the result of the accumulation of slight deformations im
individual crystals of the machine part.

Consequently, if the relationship between acting forces and mechanical
stability of the material is kncwn, fatigue flaws will appear in the machine
parts after a predictable period of operation. Such flaws can develop into
serious breakdowns. These flaws, which start as local damage, eventually affect
the operation of all the small parts in a machine. Therefore, the geometric
calculation of parts design, the determination of concentration of strains act-
ing on the parts, and the finish of the parts' surfaces are the determining
factors in the fatigue resistance and stabi’*%y of a machine part.
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Generally, there is considerable difference between the theoretical
fatigue resistance of parts, as determined on the basis of leboratory experi-
ments, and the actuasl stability of the metal. For example, it has been deter-
mined in the laboratory that the permissible load on an alloyed steel crankshaft
of a high-speed internal combustion engine is around 30 kilograms per square
millimeter. Actually, however, the permissible lcad on such a crankshaft is
only 10 kilograms per squere millimeter, or one third of the theoretical load
1imit. Another case: axles made of very tough steel have a theoretical fatigue Y
resistance of 35 kilograms per square millimeter. In practice, however, the !
fatigue limit of a 200-millimeter-diameter axle is about 7 kilograms per square
millimeter.

Such errors occur from failure to teke into account such forces as load
dynamics, unequal distribution of load and the fatigue-resisiant properties
of the materials involved.

Design improvements as well as improved distribution of loads has greatly
raised the fatigue resistance limit of such products as beams, axles, various
types of joints, etc. Experimental testing methods have also played an impor-
tant role in increcasing this fatigue-resistant limit.

By means it 1s possible to decrease strain concentrations by some 10 per-
cent and to distribute the strains more evenly over the area of the machine
part. The use of resistance tensometers and lacquer films have made it possibie
to observe the effects of static and dynemic loads on the surface of metal parts.
Optical methodsof measurement belp to establish the volumetric strain on a part,
while use of the creep properties of optically active plastics facilitates study
of stresses incentrifugal fields and beyond elastic limits.

Utilization of meihods based on the theory of elasticity and plasticity
for studies on parts subjected to stress will lead to a deeper understanding
of the distribution of strains and elastic displacement of various machine
parts. At present, scientists have already solved many problems iu the field
of plastic deformation {under conditions of creep and shock loading)! where the
speed of deformation has a significant effect on the distribution of strain.
Improvement of approximate and computed solutions of problems, and coordination
of experimentsl and theoretical data will widen the scope within which such
data can be used in the designing of naw machine parts.

Improvement of technlques for finishi.né surfaces and increasing the fatigue
resistance of annealed steels will result in greater productivity of various
operations. Present day methods of hardening metel surfaces by nitriding, sur-
face annealing, etc., will lessen the d .endance of the stability of metal parts
on the quality of the finishing process. This will result in Jimplification of
the finishing processes and permit the use of higher stability steels in machine
building. It will also result in the adoptlon of new methods of hardening sur-
faces such as chemico-thermal processing and surface cold-hardening.

The following examples will illustrate the achievements already made in
this respect. Practical tests for fatigue resistance on nitrided crankshafts
showed that the resistance increased 1,5 times as a result of the nitriding.
Spraying very hard steel with pellets increased  the fatigue tolerance from 60
kilograms per square millimeter to 100 kilograms per square millimeter.

In spite of the remarkable practical achievements in the study of fatigue
resistance, some solutions are purely hypotheticel and in other cases contrary
to accepted practice. Plastic deformation, polycrystals, physical and chemical
L processes and their associsted cyclic deformations, the phenomenon of frangibility
and changes in residual strains need Zurther study. Particular efforts must be
made to further the study of temperature and gas-corrosion effects on fatigue
resistance in heat-resistant alloys, these having direct bearing on developments
in vane-equipped machines such as turbines, generators etc.
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In present-day technology, such factors as continued stability
at high temperatures are Just as important as varigble loading. Many hours
of research have already established a relationship between creep speed,
stresses and temperature. This relationship has been put to practical use in
Bolving problems of stress distribution in Plastic materials where creep is
present, However problems dealing with contact strains and concentrations of
load st1ll have to be solved. Very little is known about relaxation, and the
problems dealing with strains occurring during relaxation are still clouded ‘n
igmorance. The whole process of stress changes, from the rigld state to the
state. where creep first becomes noticeable s €s1 only be understood through the
relaxation problem. Such sblutions are particularly important in cases where
I machines have to work for short periods at very high temperatures. The science
* of computing thermal stress in machine parts will obtain added impetous from

the study of the relationship of creep and relaxation, the criterion of plasticity
! at high temperatures, and the effects of repeated heatings.

and cresp

) Little 1s known of plastic deformation and fracturing under high temperatures.
This makes it difficult to confirm much experimental data and many laws of machine
performance. Research on the kinetics of structural changes and resistance to
plastic deformations at bigh temperatures must be carried out.

Experimental data obtained in the laboratory still does not solve many of
the problems comnected with statility and en’ .rance at high temperatures and
under conditions of concentrated stresses and revolution. Today, industrial
engineers can avail themselves of graphs and data which show permissible stresses
vhich take into account such factors as creep, stability, and endurance under
simple and homogeneous stresses. However » methods of computing the stability

of machine parts operating under high temperatures and complex stress distribu-
tions must still be worked ont.
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